The rotational spectrum of ethyl acetylene has been investigated between 70 and 320 GHz. A Coriolis interaction has been found between the first excited state of the methyl torsion and the C-C = C in plane deformation. Splittings of transitions in the first excited torsional state show that the barrier hindering internal rotation of the methyl group amounts to 3271 cal/mole.
Introduction
The microwave spectrum of ethyl acetylene (butyne-1: H-C = C-CH 2 CH 3 ) was measured in the centimeter range by Job and coll. [1] who determined the rotational constants for the ground state and two excited vibrational states (CH r torsion and C -C = C bending). But although they could observe the splittings of the rotational lines in the first excited state of internal rotation, they did not analyze them. As the barrier hindering internal rotation of the methyl group has been determined for many ethyl derivatives [2] , it would be interesting to determine this barrier potential for ethyl acetylene too. The presence of ethyl acetylene in space is probable, but the frequencies in the millimeter region, which are of great potential interest to radioastronomers could not be predicted reliably with the constants of Job. For these reasons we have measured the millimeter-wave spectrum of ethyl acetylene.
Experimental
The sample of ethyl acetylene was obtained commercially from Matheson (Oevel, Belgium) and was used without further purification. The measurements were performed between 70 and 320 GHz with a millimeter-wave spectrometer with -or without -source modulation. Phase-stabilized klystrons (Varian 60-80 GHz) supply a harmonic generator (Custom Microwave) with fundamental power. To obtain good sensitivity and to be sure to work with only one harmonic frequency, superheterodyne detection is used; the local oscillator is kept at a constant frequency difference of 600 MHz from the source oscillator. After the detection the signal is digitally averaged and is then processed by a microcomputer (ITT 2020) which allows digital filtering (baseline subtraction and if necessary line smoothing) and which calculates the line frequencies [3] . All spectra were measured at room temperature and at pressures below 5 mTorr. The accuracy is about 30 kHz.
Ground State Spectrum
The dipole moment of ethyl acetylene points approximately in the direction of the cr-axis, so the most intense transitions are the a /? 0 i-The assignment of the transitions of lowest J was easy because the spectrum is rather sparse and strong and because an approximate spectrum could be predicted with the constants of Job [1] . Then higher J transitions were assigned using the "bootstrap" method as described by Kirchhoff [4] , The measured frequencies are listed in Table 1 . The program VT30 of TYPKE was used, which is based on the following Hamiltonian: 22 a Where only one subscript is given for a transition the K-type asymmetry doubling was unresolved.
The representation V has been chosen. This Hamiltonian has non-vanishing matrix elements (K K},
ization has been discussed in [5] .
The rotational and centrifugal distortion constants are given in Table 2 . They were fitted to the 106 measured lines with 16 ^ J ^ 38 and 0 ^ AL ^ 33.
The highest contribution due to T^-terms is about largest deviation is 143 kHz, the mean square deviation cr=51 kHz by using 14 parameters. //' ]0 was assumed to be zero because it could not be significantly determined.
Excited States
The was used for the centrifugal distortion analysis. This is the frequency that would have been measured if the splitting had not been resolved [6] , So the correction of the unsplit lines for the internal rotation contribution is avoided and the centrifugal distortion analysis may be performed independently of the internal rotation analysis. The relative intensities indicate that the energy difference between these two vibrational levels is small. Hence, the rotational spectra of these two states may be perturbed by a Coriolis interaction. Indeed the fit of these spectra to the centrifugal distorted Hamiltonian (Eq. (1)) gives a poor fit. The transitions J ^ 24 were excluded from the fit because they seem to be most affected by the perturbation. However the standard deviation of the fit remains much greater than the experimental uncertainty.
The derived rotational and centrifugal constants are reported in Table 2 . The two ^-rotational constants (and also the two D' K centrifugal distortion constants) deviate considerably from the ground state /^-constant in opposite direction. This indicates the existence of an a-type Coriolis interaction between the two states. The state with negative deviation of A is the lower frequency, it is the C-C = C bend. The torsion lies a few cm -1 above this state.
It is possible to carry the analysis of this Coriolis interaction further if we assume that the variations of the rotational constant A and the centrifugal distortion constant z' acl(U , are due only to this interaction [7] :
where co,<j represents the frequency of the C-C=C bend and co, that of the methyl torsion. In these equations only the effects of the Coriolis interaction has been taken into account. The other contributions (harmonic and anharmonic) are very likely much smaller (probably some %). These Eqs. (2) and (3) may be further simplified by assuming that cos and co, are nearby The solution of this system of equations gives AE = co, -ü) 6 ~ 260 GHz = 8.7 cm' 1 £% ^ 0.26 .
These values are not expected to be highly accurate due to te drastic approximations made.
Internal Rotation Analysis
The A, E doublet splitting of the excited torsional state can be affected by the Coriolis interaction. A treatment of this perturbation has been given by Dreizler et al. [8] [9] [10] . But for the case of a high barrier and small asymmetry, it was shown by Laurie [11] that the contribution from Coriolis coupling to the A-E splittings is small. This conclusion is furthermore strenghtened by the fact that only the torsional excited state shows a splitting due to internal rotation. So the barrier to internal rotation of the methyl group was calculated from the splittings with the conventional principal axis method [12] , the calculation used second and fourth order perturbation. The input data for this computation includes, in addition to the observed splittings, the rotational constants and the moment of inertia of the methyl top. This latter quantity was taken equal to that of ethyl fluoride [6] . The results are shown in Table 5 . The correlation coefficient between the reduced barrier 5 and the angle < (a, /') is -0.917. The mean square deviation of the fit is 23 kHz for a mean splitting Av of 0.649 MHz.
